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Purpose: Recently, the triple therapy of transarterial chemoembolization (TACE) combined with tyrosine kinase inhibitors (TKIs) 
plus immune checkpoint inhibitors (ICIs) has become a new treatment option for advanced or unresectable hepatocellular carcinoma 
(HCC) patients. We aimed to explore the liver injury and its effect on overall survival (OS) in patients treated with this combination 
therapy.
Patients and Methods: Patients with HBV-related HCC who were treated with TACE-TKIs-ICIs from January 2020 to 
December 2021 were enrolled. Liver injury and survival time were the main endpoints of the study. Logistic regression analysis 
was used to analyze the factors associated with liver injury. Cox regression and Kaplan–Meier analysis were used to determine 
prognostic factors for OS.
Results: As of March 2022, 52 of the 119 enrolled patients developed any grade hepatotoxicity: 15 cases with grade 1, 19 cases with 
grade 2, 16 cases with grade 3 and 2 cases with grade 4. Our analysis indicated that lack of antiviral prevention was a risk factor for 
liver injury (OR = 0.149; 95% CI: 0.050–0.442; P = 0.001). The findings suggested that liver injury events (HR = 1.912; 95% CI: 
1.031–3.546; P = 0.040) was associated with patient death. The median OS of patients without liver injury, grade 1–2 and grade 3–4 
liver injury were undefined, 13.7 months and 11.1 months, respectively (log-rank P = 0.034).
Conclusion: Liver injury adverse events are common in HBV-related HCC patients treated with TACE-TKIs-ICIs. Patients who 
developed liver injury had a poor prognosis. For HBV-related HCC patients, effective prophylactic antiviral therapy and regular liver 
function testing are required before and during this triple therapy.
Keywords: HBV-related HCC, TACE, TKI, ICI, liver injury, survival time

Introduction
Primary liver cancer is one of the most common cancers in the world, of which hepatocellular carcinoma (HCC) accounts 
for the vast majority.1 HBV infection is a major risk factor for HCC, especially in most Asian countries and regions.2 

Despite improvements in monitoring and treatment of hepatitis B, many HCC patients are firstly diagnosed with 
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unresectable or advanced stage, which is not suitable for early radical treatment and has a poor prognosis. Transarterial 
chemoembolization (TACE) is commonly recommended by various guidelines for local treatment of intermediate-stage 
or unresectable HCC.3–5 However, repeated TACE treatment may damage liver function, and embolism-induced hypoxia 
can lead to expression of vascular endothelial growth factor and promote tumor recurrence and metastasis.6 Tyrosine 
kinase inhibitors (TKIs), such as sorafenib, lenvatinib and apatinib, can reduce tumor angiogenesis by inhibiting vascular 
endothelial growth factor receptor.7 In this setting, TACE combined with TKI has synergistic anticancer effect and 
improves the prognosis of patients with advanced HCC.6,8,9 The combination of TKI and ICI such as “atezolizumab- 
bevacizumab” regimen has been recommended as the first-line therapy for patients with unresectable or advanced HCC 
because of its remarkable efficacy.10,11 Since TACE can cause tumor tissue necrosis and activate tumor-specific immune 
responses,12 the triple therapy of TACE combined with TKIs plus ICIs has become a new treatment option for patients 
with advanced or unresectable HCC in recent years.

However, previous studies have found that TACE alone, single TKI agent or immunotherapy may lead to hepatic 
adverse events.13–15 A systematic review reported that the incidence of elevated liver enzymes after TACE therapy was 
52% in HCC patients.15 Griffiths et al16 summarized that the incidence of hepatotoxicity under ICIs or TKIs treatment in 
advanced HCC patients was 28% and 21%, respectively. In LAUNCH prospective trial, the incidence of liver injury in 
advanced HCC patients treated with TACE and lenvatinib was significantly higher than that in the lenvatinib mono
therapy group, and the dose of lenvatinib was reduced due to serious hepatic adverse events.9 Similarly, Dai et al17 noted 
a 13.8% incidence of liver injury in patients with unresectable HCC treated with sintilimab alone or in combination. 
Severe hepatotoxicity can lead to interruption or cessation of anticancer treatment, even liver failure and death of 
patients. Therefore, it is necessary to pay attention to liver injury in HCC patients under anti-tumor therapy.

At present, there are few reports on liver injury under the treatment of TACE combined with TKIs plus ICIs. 
Therefore, the main purpose of this study is to investigate the incidence of liver injury and its influencing factors, and to 
further determine the impact of liver injury on the survival of HCC patients treated with TACE-TKIs-ICIs therapy.

Materials and Methods
Patient Selection and Study Design
The present research was a real-world retrospective study, which was approved by the Ethics Committee of the Affiliated 
Hospital of Xuzhou Medical University, and was exempted from written informed consent (Ethics number: xyfy2022- 
KL085-01). Data of patients diagnosed with HCC and treated with TACE-TKIs-ICIs at our institution between 
1 January 2020 to 31 December 2021 were retrospectively analyzed. Sintilimab (Innovent Biologics), camrelizumab 
(Hengrui Medicine) or tislelizumab (BeiGene) at a fixed dose of 200 mg were given for every 3 weeks. Sorafenib 
(400 mg twice daily, Bayer), lenvatinib (8 to 12 mg/day, Eisai) and apatinib (250 mg/day, Hengrui Medicine) were orally 
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administered according to body weight. The main inclusion criteria were as follows: 1) aged between 18 and 85 years 
old; 2) diagnosed with HCC; 3) be seropositive for hepatitis B core antibody (HBcAb); 4) received at least one cycle of 
TACE combination with TKI plus ICI; 5) Child-Pugh grade A or B7; 6) be in stage B or C according to the Barcelona 
Clinic Liver Cancer (BCLC) staging system. Patients were excluded if they 1) combined with other viral infections; 2) 
had other malignancies in addition to HCC; 3) survival time less than 3 months; 4) incomplete data.

Clinical and Laboratory Variables
Patient demographic characteristics and treatment history were collected before initiation of ICI therapy. Data related to 
routine blood, blood biochemistry, alpha-fetoprotein (AFP), HBV DNA, HBV serum infection markers and imaging were 
collected before and during anticancer treatment. Clinical variables in relation to white blood cell (WBC), neutrophils, 
lymphocytes, platelets (PLT), alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin (TBil), 
albumin (ALB), alpha fetoprotein (AFP), HBV serological markers and BCLC stage were obtained from the electronic 
medical record system of the Affiliated Hospital of Xuzhou Medical University. The calculation formula of albumin- 
bilirubin (ALBI) score was as follows: ALBI = log10 bilirubin × 0.66 − albumin × 0.085, where the bilirubin is 
expressed in µmol/L and the albumin in g/L. Grading according to ALBI score: Grade 1, ALBI score ≤ −2.60; Grade 2,  
−2.60 < ALBI score ≤  −1.39; Grade 3, ALBI score >  −1.39. The lower limit of HBV deoxyribonucleic acid (DNA) 
detection was 20 IU/mL in our institution.

Outcome Assessments
The primary endpoint of the study was the occurrence of liver injury. Assessment and classification of liver injury was in 
accordance with Common Terminology Criteria for Adverse Events (version 5.0).18 Serious hepatic adverse events were 
defined as grade 3 or greater hepatotoxicity. Other endpoints of this study were death from any causes, end of last 
treatment, date of last contact, 31 March 2022. Overall survival (OS) was defined as the period from initiation of ICI to 
death or 31 March 2022.

Statistical Analysis
All statistical analyses were done with SPSS 26.0 software. Categorical variables were expressed as the frequency 
(percent), quantitative variables were expressed as mean (range) or mean ± standard deviation. We used Chi-squared or 
Fisher's exact test to analyze categorical variables, while quantitative variables were compared using t-test or Mann– 
Whitney U-test, as appropriate. Univariate and multivariate logistic or Cox analyses were used to identify the risk factors 
for liver injury or prognostic factors for overall survival. The survival curves were analyzed using Kaplan–Meier method 
and log rank test. All the needed images have been generated by GraphPad Prism (version 9.0). The statistical 
significance of P < 0.05 (2-tailed) significant.

Results
Baseline Characteristics of Patients
During the study period, a total of 186 HCC patients treated with TACE in combination with TKIs plus ICIs were 
screened for eligibility. After excluding 67 patients, 119 patients were finally enrolled (see Figure 1). Table 1 summarizes 
detail characteristics of enrolled patients. Of 119 recruited patients, the median age was 57 years and 91.6% were male. 
At baseline, 47.9% patients (57/119) had detectable HBV DNA levels (median 2170 IU/mL), 25.2% (30/119) had serum 
HBV DNA levels >2000 IU/mL, and 95.0% (113/119) were positive for HBsAg. There were 95 patients who were on 
antiviral prophylaxis therapy prior to receiving ICIs. A total of 104 cases (87.4%) and 15 cases (12.6%) were Child-Pugh 
grade A and B, respectively. Seventy-five (63.0%) and 44 (37.0%) of patients had BCLC stage B and C, respectively.

Hepatic Adverse Events
There were 52 patients (43.7%) who developed liver injury of any grade: 15 cases with grade 1, 19 cases with grade 2, 16 
cases with grade 3, and 2 cases with grade 4. Serious hepatic adverse events accounted for 15.1% in this population. The 
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median time of hepatotoxicity was 2.5 months (range: 0.1–23 months) after the patients received ICI for the first time. 
There were statistically significant differences among patients with liver injury in terms of preventive antiviral treatment 
(35.8% vs 75.0%, P = 0.001) or baseline HBsAg (40.7% vs 100%, P = 0.015). Results of univariate and multivariate 
logistic regression analysis for liver injury are displayed in Table 2. The multivariate logistic analysis showed that failure 
to administer prophylactic antiviral (OR = 0.149; 95% CI: 0.050–0.442; P = 0.001) and low baseline WBC count (OR = 
0.814; 95% CI: 0.677–0.980; P = 0.030) were risk factors for hepatic adverse events.

Figure 1 The patients flowchart. 
Abbreviations: Anti-HBc, antibody to hepatitis B core antigen; HBV, hepatitis B virus; HCC, hepatocarcinoma; HCV, hepatitis C virus; ICIs, immune checkpoint inhibitors; 
TACE, transarterial chemoembolization; TKIs, tyrosine kinase inhibitors.

Table 1 Baseline Characteristics of Enrolled Patients

Characteristics Hepatotoxicity (n=52) Without Hepatotoxicity (n=67) P

Age, years 57 (35–82) 55 (19–78) 0.563

≥60 21 (45.7%) 25 (54.3%) 0.733

<60 31 (42.5%) 42 (57.5%)
Gender 1.000

Male 48 (44.0%) 61 (56.0%)

Female 4 (40.0%) 6 (60.0%)
History of alcoholism 0.421

Yes 15 (50.0%) 15 (50.0%)

No 37 (41.6%) 52 (58.4%)
Antiviral prophylaxis 0.001

Yes 34 (35.8%) 61 (64.2%)

No 18 (75.0%) 6 (25.0%)
HBsAg 0.015

Seropositive 46 (40.7%) 67 (59.3%)
Seronegative 6 (100.0%) 0 (0.0%)

HBeAg 0.155

Seropositive 4 (26.7%) 11 (73.3%)
Seronegative 48 (46.2%) 56 (53.8%)

(Continued)
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Table 1 (Continued). 

Characteristics Hepatotoxicity (n=52) Without Hepatotoxicity (n=67) P

Child-pugh grade 0.421

A 44 (42.3%) 60 (57.7%)
B 8 (53.3%) 7 (46.7%)

ALBI grade 1.000

1 25 (44.6%) 31 (55.4%)
2 26 (43.3%) 34 (56.7%)

3 1 (33.3%) 2 (66.7%)

BCLC 0.767
B 32 (42.7%) 43 (57.3%)

C 20 (45.5%) 24 (54.5%)

HBV DNA, IU/mL 0 (0–3.89×106) 0 (0–3.89×106) 0.540
Undetectable 28 (45.2%) 34 (54.8%) 0.737

Detectable 24 (42.1%) 33 (57.9%)

>2000 11 (36.7%) 19 (63.3%) 0.369
≤2000 41 (46.1%) 48 (53.9%)

ALT, U/L 37.5 (8–123) 34 (12–107) 0.556

AST, U/L 42 (17–135) 40 (15–225) 0.575
TBil, μmol/L 17 (2.8–55.6) 16.5 (5.8–78.2) 0.607

ALB, g/L 39.2±5.2 38.8±5.0 0.690
AFP, ng/mL 282.6 (2.46–21,685) 142.2 (1–164,935) 0.238

≥200 29 (48.3%) 31 (51.7%) 0.304

<200 23 (39.0%) 36 (61.0%)
WBC, ×109/L 4.8 (2.6–10.1) 5.4 (1.4–32) 0.125

NLR 0.802

>2.5 33 (42.9%) 44 (57.1%)
≤2.5 19 (45.2%) 23 (54.8%)

PLR 114.2 (31.4–266) 115 (37.1–696.7) 0.510

Abbreviations: AFP, alpha fetoprotein; ALB, albumin; ALBI, albumin-bilirubin; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BCLC, Barcelona Clinic Liver Cancer; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, 
hepatitis B virus; NLR, neutrophil to lymphocyte ratio; TBil, total bilirubin; WBC, leukocyte; PLR, platelet to lymphocyte ratio.

Table 2 Univariate and Multivariate Logistic Regression Analysis for Risk Factors of Liver Injury

Univariate Multivariate

OR (95% CI) P OR (95% CI) P

Age group (≥60 years) 1.138 (0.541–2.392) 0.733

Gender (male) 1.180 (0.315–4.420) 0.806
History of alcoholism (yes) 1.405 (0.612–3.225) 0.422

Antiviral prophylaxis (yes) 0.186 (0.067–0.513) 0.001 0.149 (0.050–0.442) 0.001

HBsAg (+) 0.000 (0.000-NA) 0.999
HBeAg (+) 0.424 (0.127–1.419) 0.164

HBV DNA (detectable) 0.883 (0.427–1.825) 0.737

HBV DNA (>2000 IU/mL) 0.678 (0.289–1.588) 0.371
ALT, U/L 1.005 (0.991–1.020) 0.453

TBil, μmol/L 1.010 (0.978–1.043) 0.544

Child-pugh (B) 1.558 (0.526–4.619) 0.432
ALBI grade

1* 0.927

2 0.948 (0.455–1.975) 0.887
3 0.620 (0.053–7.240) 0.703

(Continued)
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Survival Time
Overall, we observed 45 deaths during the whole study period, and Kaplan–Meier survival curve showed a median 
survival time (MST) of 22.4 months for patients treated with TACE-TKI-ICI therapy (Figure 2A). The mortality rates of 
patients with or without liver injury were 53.8% (28/52) and 25.4% (17/67). Compared with patients without hepato
toxicity, patients with hepatotoxicity had a shorter survival time (MST: 13.7 months vs undefined, log-rank P = 0.015; 
Figure 2B). The MST of patients without liver injury, grade 1–2 and grade 3–4 liver injury were undefined, 13.7 months 
and 11.1 months, respectively (log-rank P = 0.034; Figure 2C). Results of univariate and multivariate Cox analysis for 
OS are displayed in Table 3. In addition to liver injury, the baseline high Child-Pugh grade (HR = 2.450; 95% CI: 1.162– 
5.164; P = 0.019), high AFP level (HR = 2.392; 95% CI: 1.241–4.611; P = 0.009) and younger age group (HR = 0.422; 
95% CI: 0.211–0.844; P = 0.015) were also associated with death (see Table 3).

Discussion
In our study, we investigated the occurrence rate and influencing factors of liver injury in HBV-related HCC patients who 
received a combination treatment of TACE-TKIs-ICIs. The study also further identified the prognostic factors for patient 
survival under the treatment of this regimen. Our findings indicated that the rates of any grade or 3–4 grade hepatic 
adverse events were 43.7% and 15.1%, respectively. Lack of prophylactic antiviral treatment was a risk factor for liver 
injury. Moreover, we found that hepatotoxicity, Child-Pugh grade and AFP levels are prognostic factors for survival time.

ICI is increasingly used in the treatment of advanced HCC.10 HCC patients treated with immunotherapy usually 
developed liver injury within 1–3 months following initiation of ICIs.14 The results of this study showed that the median 
time to liver injury was 2.5 months after the patients first received ICI treatment. The incidence of immune-related 
hepatitis caused by PD-1 inhibitors was about 5% and hepatic adverse events of grade 3–4 accounted for 1–2%, which 
was previously reported in the literature.19 In the current study, we indicated that nearly half of HCC patients would 
encounter hepatotoxicity (grade 3–4: 15.1%) during the treatment of TACE-TKI-ICI, which was higher than the 
incidence of hepatotoxicity reported by most clinical trials on ICIs.20,21 Combination therapy is likely to be the main 
reason for this difference, as more liver injury events occurred with ICI-based combined anticancer therapy than with 
immunomonotherapy.22 In a study exploring the efficacy and safety of sintilimab-dominated combination therapy, Dai 
et al17 noted that the incidence of liver injury in triple therapy with TACE- sorafenib-sintilimab, sintilimab-sorafenib and 
sintilimab monotherapy was 22.9%, 21.7% and 13.6%, respectively. Furthermore, clinical trials required HBV-infected 
patients to receive antiviral treatment, and the viral load is lower than the lower limit of detection or less than 100 IU/ 
mL.23 However, in our study, 57 patients had detectable baseline HBV DNA levels and 24 patients did not receive 
prophylactic antiviral treatment. The rates of hepatotoxicity were 35.8% and 75.0% in patients with and without antiviral 
prophylaxis, respectively. Further analysis showed that the lack of prophylactic antiviral treatment was a risk factor for 
liver toxicity. In addition, HBV reactivation and even hepatitis activity could occur in HBV infection-related cancer 
patients during or after treatment with TACE, TKIs, and ICIs.23–26 Our previous study27 found that 12 HBV-related HCC 

Table 2 (Continued). 

Univariate Multivariate

OR (95% CI) P OR (95% CI) P

BCLC (C) 1.120 (0.529–2.369) 0.767

AFP (>200 ng/mL) 1.464 (0. 707–3.033) 0.305
WBC, ×109/L 0.867 (0.748–1.005) 0.058 0.814 (0.677–0.980) 0.030

NLR (>2.5) 0.908 (0.426–1.935) 0.802

PLR 0.999 (0.994–1.003) 0.630

Note: *Used as the reference category. 
Abbreviations: AFP, alpha fetoprotein; ALBI, albumin-bilirubin; ALT, alanine aminotransferase; BCLC, Barcelona Clinic Liver Cancer; 
CI, confidence intervals; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; NLR, neutrophil to lymphocyte ratio; OR, 
odds ratio; TBil, total bilirubin; WBC, leukocyte; PLR, platelet to lymphocyte ratio.
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Figure 2 Kaplan–Meier curve for overall survival (OS) time (A) in all enrolled patients, (B) in patients with or without liver injury, (C) in patients with different severity of 
liver injury. 
Abbreviation: MST, median survival time.
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patients who were treated with TACE-TKIs-ICIs encountered HBV reactivation, and 9 of them developed hepatotoxicity. 
Combination therapy may increase the incidence of HBV reactivation-associated hepatitis.

Regarding the risk factors of liver injury event, data analysis showed that lack of antiviral prophylaxis therapy is 
a risk factor for hepatic adverse events in patients with HCC receiving TACE-TKIs-ICIs combination therapy. The risk of 
liver injury was significantly higher in those who did not receive prophylactic antiviral therapy prior to their first ICI, 
approximately 6.711 times higher than those with prophylactic antiviral therapy. Previous research results also confirmed 
that the prophylactic use of entecavir antiviral therapy can significantly reduce the risk of developing liver injury events 
after TACE treatment.28 In addition, Lin et al29 found that the risk of developing any grade hepatotoxicity in cancer 
patients treated with PD-1 inhibitors was associated with HBsAg positivity. Our results of logistic analysis, however, 
showed that HBsAg has no effect on the occurrence of liver injury. On the one hand, a possible reason was that the 
sample size of our study is relatively small. On the other hand, the criteria for enrolling patients in the two studies 
differed, with the former being PD-1 inhibitors-treated cancer patients. According to these results, regular and effective 
antiviral therapy is necessary for HCC patients treated with TACE-TKI-ICI combination to reduce the risk of hepato
toxicity, whether HBsAg positive or negative.

Our current study revealed that patients who encountered liver toxicity had a significantly shorter survival time than 
those who did not, with an MST of 13.7 months. Besides, the higher the severity of the liver injury, the worse the median 
OS of the patients. This phenomenon was also seen in a previous study in Hong Kong,30 which pointed out that hepatic 
adverse events during ICIs treatment affected the prognosis of cancer patients, especially those with liver cancer. We 
believed that liver injury is a prognostic factor for HCC patients under treatment of TACE-TKI-ICI and recommended 
that liver function should be closely monitored to identify adverse events of liver injury in a timely manner. In addition to 
liver injury events, survival analysis also indicated that baseline high Child-Pugh grade and high AFP levels were 
relevant risk factors for patient survival time, which was consistent with previous research results.31–34 Interestingly, we 
also found that age group is an independent predictor for OS, which we believe to be a novel finding.35–37

Worthy of note, a previous review38 reported that baseline HBV DNA levels were associated with survival prognosis. 
High HBV DNA levels may influence the prognosis of HBV-related HCC patients under local and systemic treatment. 
Similarly, our results indicated that patients with detectable baseline HBV DNA levels have a significantly worse 

Table 3 Univariate and Multivariate Analysis for Prognostic Factors of Survival Time

Univariate Multivariate

HR (95% CI) P HR (95% CI) P

Age group (≥60 years) 0.369 (0.186–0.730) 0.004 0.422 (0.211–0.844) 0.015

Gender (male) 1.314 (0.407–4.245) 0.648
History of alcoholism (yes) 0.772 (0.371–1.607) 0.490

Antiviral prophylaxis (yes) 1.137 (0.561–2.302) 0.722

HBsAg (+) 1.548 (0.374–6.406) 0.546
HBeAg (+) 0.432 (0.133–1.397) 0.161

HBV DNA (detectable) 1.911 (1.055–3.463) 0.033

HBV DNA (>2000 IU/mL) 1.747 (0.928–3.290) 0.084
Child-pugh (B) 2.673 (1.271–5.622) 0.010 2.450 (1.162–5.164) 0.019

ALBI grade

1* 0.053
2 2.151 (1.158–3.994) 0.015

3 1.779 (0.233–13.572) 0.578

AFP (≥200 ng/mL) 3.209 (1.693–6.085) <0.001 2.392 (1.241–4.611) 0.009
NLR (>2.5) 2.041 (1.033–4.033) 0.040

Liver injury (yes) 2.080 (1.137–3.808) 0.018 1.912 (1.031–3.546) 0.040

Note: *Used as the reference category. 
Abbreviations: AFP, alpha fetoprotein; ALBI, albumin-bilirubin; CI, confidence intervals; HBeAg, hepatitis B e antigen; HBsAg, 
hepatitis B surface antigen; NLR, neutrophil to lymphocyte ratio; HR, hazard ratio.
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prognosis under the TACE-TKIs-ICIs combination regimen, but baseline HBV DNA >2000 IU/mL is not a risk predictor 
for OS when 2000 IU/mL is used as the cut-off value for HBV DNA levels. This was consistent with the findings of Sun 
et al39 that there was no significant difference in OS between HCC patients receiving PD-1 inhibitors immunotherapy 
with baseline HBV DNA > or ≤2000 IU/mL. Whether the HBV DNA levels can predict the survival prognosis of patients 
under TACE-TKIs-ICIs combination therapy requires further large-scale prospective studies.

This research had certain limitations. First, this study was a single-center retrospective study with a small sample size, 
which might limit the statistical efficacy. Second, due to the complexity of the treatment modality, we cannot specify the 
exact cause of liver injury. Third, the monitoring interval of liver function was inconsistent in the same patient or 
different patients, which may affect the observation of liver injury events. Fourth, all ICIs in this study were PD-1 
checkpoint inhibitors, and whether the results are applicable to other ICIs remains to be further explored.

Conclusions
In conclusion, liver injury adverse events are not uncommon in HBV-related HCC patients treated with TACE-TKIs-ICIs. 
The more severe the hepatotoxicity, the worse the median survival. Before and during the triple treatment, it is necessary 
for patients with HBV-related HCC to take effective prophylactic antiviral therapy and examine liver function regularly.
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